Fetal hypertension and abnormal Doppler velocimetry in an ovine model of intrauterine growth restriction.
Our objective was to test the hypothesis that systemic blood pressure (BP) is increased above normal in intrauterine growth restricted (IUGR) fetal lambs with elevated umbilical artery (UmA) Doppler indices. Five pregnant ewes were exposed to hyperthermic conditions for 80 days beginning at 40 days' gestation (dGA) to induce IUGR. They were then placed in ambient conditions with 6 additional ewes that served as controls. Doppler indices were calculated from UmA Doppler flow velocity waveforms. At 128 dGA, fetal catheters were placed for measurement of umbilical blood flow (UBF) by an ethyl alcohol steady-state diffusion technique and for aortic BP measurements. At 132 dGA, fetal mean systemic BP and blood flow were determined. At necropsy the placental and fetal weights were recorded. UBF was normalized for fetal weight. Linear regression, F tests and t tests were performed as appropriate. P < .05 was considered significant. Compared with control pregnancies, the IUGR pregnancies showed: (1) reduced fetal and placental weights, (2) elevated systemic BP, (3) reduced UBF, (4) elevated UmA and aortic Doppler velocimetry indices, (5) increased resistance per 100 g placenta, and (6) decreased UmA oxygenation and increased lactic academia. The UmA Doppler index of resistance (systolic/diastolic ratio) correlated strongly with calculated resistance (R2 = 0.7). Doppler indices also correlated with systemic BP (R2 = 0.5). Ovine IUGR fetuses with high UmA Doppler indices have elevated systemic BPs. UmA Doppler indices of resistance correlate well with (1) fetal systemic BPs and (2) resistance as calculated by pressure/flow. This whole animal study shows that IUGR fetuses are hypertensive and that increased UmA Doppler resistance indices are consistent with a fetal-placental hypertensive state.